This paper reports the findings of three water point mapping (WPM) studies carried out in three rural districts of Tanzania covering 3,363 water points. The methodology was designed to estimate the influence that consideration of the quality of the water supplied and the year-round functionality of each water point would have on each district's coverage figures. To this end, the study included measurements of basic quality parameters (692 analyses) and characterisation of the year-round continuity of service, in addition to the data collected in standard WPM campaigns. Both the quality and year-round continuity results were analysed in a disaggregated form by water point technology. The results show that 22% of the improved water points analysed had more than 10 CFU (colony-forming units)/100 ml of water and 19% were seasonal. Moreover, water service coverage in the districts studied fell 40% on average when quality and year-round continuity were considered. There is a strong need to include these basic factors in the minimum standards to be delivered and monitored in rural areas. Simple and efficient methodologies for including quality and year-round continuity measurements in the information routines, such as the one presented here, are a necessary step to this end.
Introduction
The importance of safe water for disease prevention is widely recognised (Esrey et al., 1991; Fay et al., 2005; Fewtrell et al., 2005) and links between water quality and food safety have also been studied ( Jawahar & Ringler, 2009 ), but practical problems arise when attempts are made to define and monitor access to safe water. One major difficulty is the establishment of acceptable water quality parameters. These parameters vary from one country to the next, since the public institutions responsible for them are influenced by economic and political factors, as well as by their own environment (Reimann & Banks, 2004) . This has resulted, for instance, in higher arsenic tolerances in India and higher fluoride tolerances in Ethiopia and Tanzania. Another problem is the frequency of supervision that can actually be implemented. In general, smaller population centres receive less attention, since potential problems are considered to affect fewer people and resources are limited. This lack of priority ends up affecting the quality of the water delivered by small systems even in developed countries, where recent studies show that the microbiological quality of drinking water from small rural systems is much worse than that from large systems (Hunter et al., 2009a) .
Recently, it has been argued in the development arena that tap water quality might not be so important (and thus not so important to measure) if users can treat their water at home using household water treatment (HWT) systems. Despite the potential of HWT to improve the quality of the water consumed, certain issues must be taken into account. First, the effects of HWT on health have not yet been sufficiently documented and acceptability, scalability and the feasibility of private sector involvement are still uncertain ( Johnson et al., 2008; Luby et al., 2008; Schmidt & Cairncross, 2009) . Second, contrary to the norm in urban areas, willingness to pay in rural areas will not always be high enough to ensure that households invest in improving the quality of the water delivered (Vasquez et al., 2009; Ahmad et al., 2005) or that they self-treat water in a safe way (Kumar Biswas & Mandal, 2010) . Unconditional support for this approach would in fact shift the responsibility for the safety of the water to citizens themselves, which runs counter to the human rightsbased point of view (UN, 2002) .
Additionally, the WHO/UNICEF Joint Monitoring Programme for Water Supply and Sanitation (JMP), responsible for measuring the fulfilment of the Millennium Development Goals (MDG) has likewise devoted little consideration to water quality. The indicator used by the JMP for Target 10 (halve the proportion of people without sustainable access to safe drinking water and basic sanitation by 2015) is the number of people using improved water sources (WHO/UNICEF, 2000 , 2010a . Information is collected through general household surveys and national censuses. The assumption is that certain types of drinking water sources are likely to deliver drinking water of adequate quality for basic health needs. Although the updated versions of the surveys include two new questions about HWT (whether it is done and what method is used) (WHO, 2006) , these questions are used to establish a baseline for HWT rather than to assess the quality of the water consumed.
The limits of measuring progress through technology-based indicators have been pointed out (Hunt, 2001; Sutton, 2008; Rietveld et al., 2009; Hunter et al., 2010; Masduqi et al., 2010) and a more sequential approach has been advocated (Bartram, 2008) . Following its latest report, the JMP considers water piped into a dwelling, plot or yard from other improved water points to be a further step in the 'water service ladder' (WHO/UNICEF, 2010a), but it still calculates access to safe, sustainable water in terms of access to improved water points.
The JMP piloted the introduction of quality tests in monitoring programmes through the Rapid Assessment of Drinking Water Quality (RADWQ) protocol, initially tested in six countries, mainly in 2004 and 2005. Most of the country reports have recently been published (WHO/UNICEF, 2010b, c, d, e, f) and show poor results with regard to the quality of the water delivered, especially for water that is not piped. However, the latest 2010 JMP report only briefly mentions the RADWQ results. It talks about the 'challenge of measuring water quality' to be addressed in water targets 'beyond 2015'. It states that quality should be 'measured or estimated in a cost-effective manner' and proposes water safety plans as the standard feature for ensuring sustainable access to safe drinking water (WHO/ UNICEF, 2010a).
The seasonality of water sources is another factor of growing importance in rural water supplies, especially given the current climate situation (Paavola, 2008) . It is broadly accepted that the continuity of a drinking water service is crucial to ensuring the associated health benefits. Recent studies show that over the course of a few days of raw water consumption, the annual health benefits attributed to consumption of water from an improved supply are almost completely lost (Hunter et al., 2009b) . Intermittent service is also associated with changes in pressure in distribution networks, which can lead to materials being drawn in through cracks in the pipes. This, in turn, can lead to secondary contamination of the water supply (Hunt, 2001) . Despite these facts, the JMP does not consider the seasonality-related aspects of the service. The standard question 'What is the main source of drinking-water for members of your household?' already accepts the unreliability or intermittence of the reported source (WHO, 2006) . This paper addresses the relationship between access to improved water sources, the quality of the water delivered and the year-round continuity of water service. Our results are based on three field studies that assessed 3,363 water points in three rural districts of Tanzania-Same (2006) , Kigoma (2008) and Kibondo (2010)-with a total population of around 1.1 million people. The districts surveyed have different climatic conditions and, thus, different technological patterns with regard to water access. Quality and year-round continuity results by water point category are presented and the effects on the figures of access to safe and sustainable water in the districts concerned are discussed. General data about implementation costs are provided to support the widespread promotion of the method in similar contexts. Complementarity with the water safety plan approach is also discussed. We conclude with the policy implications of the study.
Materials and methods

Background: water point mapping and statistics used
The methodology used for the field study has been called enhanced water point mapping (EWPM) and is described in Section 2.2. It is based on the water point mapping (WPM) activities carried out by WaterAid and other agencies in many countries in recent years (WaterAid, 2010) . WPM can be defined as an 'exercise whereby the geographical positions of all improved water points in an area are gathered in addition to management, technical and demographical information. This information is collected using GPS and a questionnaire located at each water point. The data is entered into a geographical information system and then correlated with available demographic, administrative and physical data. The information is displayed using digital maps' (WaterAid, ODI, 2005) . The methodology helps to define access indicators constructed from the lowest geographical level using the available data ( Jiménez & Pérez-Foguet, 2008) and is also useful for analysing the functionality of water points depending on the technology used ( Jiménez & Pérez-Foguet, 2011) .
WPM uses three variables to define a water point: source type, water point type and extraction system. These three parameters help to determine the category of the water point. The level of service (public water points, yard or house connections) is not used to determine the category. In this study, water points were grouped into five categories based on these three variables, as defined in Table 1 . The 'gravity-fed' category (all water points fed by gravity networks, regardless of source type) was the largest, accounting for 74.2% of the water points. It was followed by 'protected springs' and 'shallow wells', each of which accounted for around 8% of the sample, and 'deep wells', accounting for 5.8% of the sample. Finally, the category 'other', which encompassed quite a heterogeneous set of water points, including motorised pumping systems and rainwater-fed water points, accounted for a total of 4.1% of the sample. We acknowledge that establishing more categories could give a more precise picture of the results, but the sample size limited further splitting of the results. Additionally, 146 tanks were mapped (not shown in the table) in order to estimate the water quality, as described in the next subsection.
Methodology: enhanced water point mapping
The methodology used, EWPM, draws from the original WPM campaigns, including aspects promoted by the sanitary surveillance approach (Howard, 2002) . In short, EWPM complements the original WPM campaign with three additional actions. First, basic water quality tests were carried out using portable water testing kits. The parameters measured include the so-called 'critical parameters' (WHO, 1985; Howard, 2002) : pH, turbidity, chlorine, electrical conductivity and concentration of faecal coliforms. The kit included a portable, battery-powered incubator. Thermotolerant (faecal) coliform counts could be obtained within 14-18 h of sampling giving a reliable indication of sanitary risk without the need for transport or laboratory facilities (University of Surrey, 2004) . The acceptable threshold for the concentration of faecal coliforms used in our study was 10 colony-forming units (CFU)/100 ml of water. This value is significantly higher than WHO guidelines, which recommend 0 CFU/100 ml; however, it is a commonly used threshold to indicate high risk for human health in rural supplies in the context studied. As the WHO recognises, each country needs to take account of a variety of environmental, social, cultural, economic and other factors to define its standards of quality, which can be upgraded from time to time (WHO, 2008) . The acceptable thresholds for other parameters were as follows: 30 NTU (nephelometric turbidity units) for turbidity, 1,000 μS cm À1 for electrical conductivity and pH values between 6.5 and 9.5, in accordance with Tanzanian temporary standards.
Second, the year-round continuity of the water service was assessed by means of direct questions to users. The person responsible for each water point was contacted directly. A water point was not considered to be functional year round if the water users reported an interruption in service of more than one month in the dry season. This parameter helped to identify systems with a permanent lack of resources in the dry season.
Third, the perception of quality among users was assessed. Perceptions of water as being 'clear', 'coloured' or 'salty' were contrasted with the results of quality tests at the same water point. A 'clear' response was associated with satisfaction in the quality of water received, while 'coloured' and 'salty' indicated some suspicions or dissatisfaction with the water quality. Other quality perceptions (bad smell, fluoride) were not analysed; they were quite infrequent and could not be correlated with the parameters tested. Based on these criteria, quality perception was contrasted in 666 of the 692 tests performed.
Sampling of quality measurements
The methodology used was designed to provide a low-cost estimate of the effects that the consideration of the quality and year-round functionality of water points can have on coverage figures. To this end, quality measurements were taken according to the following criteria:
• For individual water points, quality tests were conducted in all cases.
• Networks were examined at one or two distribution points, depending on the network's size. When it was accessible, samples were also taken at the tank.
The initial assumption (which was confirmed by the results) was that small rural networks are mainly contaminated at the source, with much less contamination occurring in the distribution networks. Hence, the results of the analyses of the tank and distribution points were then compared and if the results were concordant (differences did not change the quality from acceptable to unacceptable or vice versa), the bacteriological quality of all water points in that network was deemed to be the same as that measured at the tank. If the results were contradictory, one of the following two solutions was adopted:
1. If only two measurements were available, the poorest result was used as the quality of the water delivered (this was the case in 7 of the 105 networks); 2. when more than two measurements were available, the predominant result (acceptable or not acceptable) was taken as the valid one (3 out of 105 networks fell into this category). Table 2 shows the number of valid tests obtained per network. At least one valid quality test was obtained for each of the 105 networks analysed. In 36 cases, corresponding mostly to small networks with fewer than 10 water points (average size 6.17 functional water points per network), one valid test was performed. In the other 69 cases (51 plus 18, see Table 2 ), more than two tests were performed, depending on the size of the network.
The methodology followed a pattern of one test per 10 functional water points. Normally, the total number of functional water points per system was not known beforehand and, thus, the quality test campaign could not be planned exactly and some decisions had to be taken on the spot. This explains the relatively high standard deviation of the average size of networks with the same number of tests (right column). This incertitude ended up increasing the number of tests implemented in most cases. Of the 105 networks studied, a single valid test was performed for systems with more than 10 functional distribution points in only three cases.
In 59 (85%) of the 69 cases for which more than one test was available, our hypothesis proved to be right: the faecal contamination of the tank was similar to that of the water points or, when the comparison was performed between two water points, no significant difference was found in faecal contamination (differences did not change the quality from acceptable to unacceptable or vice versa). This methodology made it possible to estimate the quality of the water delivered at all water points in each district and, thus, the coverage of bacteriologically acceptable water points, as described in Section 4.1.
Coverage of the study
In total, 3,363 water points offering water suitable for human consumption and 146 tanks were surveyed during 111 fieldwork days and 692 valid quality tests were performed. The area of study spanned more than 32,000 km 2 and the rural districts involved had a total population of around 1.1 million people. Figure 1 gives the location of the districts surveyed. Table 3 shows the main data from the survey. As can be seen, the fewest quality tests were performed in Kigoma, despite the fact that it is the most populated of the three districts and the one with the most water points. This was because almost all functional water points belonged to relatively large networks, in which the same infrastructure was used to serve up to seven villages. Table 4 shows the percentage of all functional water points tested. Only valid tests were included in the results, that is, those samples that were ultimately analysed and for which results were obtained (i.e. samples that were not altered, lost or damaged during collection or transport).
As mentioned above, water points belonging to networks (both gravity-fed and motorised) were tested at a rate of one or two per network and complemented with data from tanks. This accounts for the fact that, on average, only 12% were tested (173 tests for gravity-fed networks and 6 for motorised ones; see Table 4 ), together with 98% of the tanks. The 'other' category likewise has a low percentage of tested water points (29%). This is because most of the water points in this category were rainwater-fed. In all three districts, the survey was carried out in the dry season and many of the water points, though operational, had no water at the time of the survey and hence their quality could only be measured in a few cases. In contrast, valid quality tests were obtained for 87% of functional isolated water points, that is, water points not belonging to networks. 
Definitions
An improved community water point (ICWP) is a place where water is drawn for various uses, such as drinking, washing and cooking and that has some improved facilities (Stoupy & Sugden, 2003 ). An improved drinking water source is one that by the nature of its construction adequately protects the source from outside contamination, in particular with faecal matter (WHO/UNICEF, 2000). Access is normally defined by establishing a ratio between the number of people served by each water point and the maximum distance travelled by users to reach it. In Tanzania, this ratio is one water point per 250 people within a radius of 400 m (GoT, 2002) . In order to assess accurately the number of people served using distance as a criterion, it is necessary to know the spatial distribution of households and this can be problematic in many cases. On the other hand, thanks to the existence of periodic sociological censuses, the number of inhabitants belonging to each administrative structure is usually quite well documented. Considering the limited precision of assessments based on the spatial distribution of households, we measured access in terms of the number of people served per water point (250), regardless of whether their households were located more than 400 m away from the water point. Hence, the first indicator of access is improved community water point density (IWPD), which is equal to the number of ICWPs per 1,000 inhabitants. In Tanzania, an area would be considered to have access if its density is four or more water points per 1,000 inhabitants and the percentage of people not served in an area would be proportional to the lack of available water points based on that threshold. However, the survey also assessed the functionality of each water point and this information was included in the definition of access. Consequently, functional community water point density (FWPD) is frequently used as the access indicator.
By including quality and seasonality information, EWPM allows for the definition of further indicators. Bacteriologically acceptable functional community water point density (BAFD) is defined as the number of functional community water points per 1,000 inhabitants that provide water with an acceptable concentration of faecal coliforms at the time of the test (less than 10 CFU/100 ml in our study).
A water point is not considered to be functional year round if water users report a seasonal interruption in the supply of more than one month. Taking this concept into account, year-round functional community water point density (YRFD) is defined as the number of functional community water points per 1,000 inhabitants that work at least 11 months per year. These last two concepts can be combined in the indicator 'bacteriologically acceptable and year-round functional water point density' (BA&YRFD), which measures the coverage by water points that provide acceptable water quality and were functional year round at the time of the test. Table 5 shows the results of the quality tests. The most important risk was the presence of total coliforms, which affected 22.0% of the water points studied. By category, 31.0% of cases in 'other' had faecal contamination. This is due to the elevated number of improved wells without hand pumps that were tested in this category. Gravity-fed water points were the next most affected (26.0%) and, remarkably, significant faecal contamination was found in 19.7% of the examined tanks. More than 21% of the water points in protected springs and shallow wells were highly contaminated, while deep wells performed best in this regard.
Results
Quality test results by water point category
pH was the second most recurrent parameter, affecting the quality of water in 9.2% of the cases. Moreover, 94% of all cases with a low pH were found in one district, Kigoma. There, an acidic pH affected 53% of the water points tested in the district, including 75% of the hand pumps. Low pH in itself is not a health concern, but acidic water could contain metal ions. No conclusions could be drawn regarding the reasons behind this finding based on the available data. A comprehensive sampling campaign together with soil composition tests should be carried out to clarify this aspect.
Turbidity was likewise only relevant in the Kigoma district, as it is mostly served by surface water and shallow wells. There, 33% of the shallow wells and 10% of the gravity-fed water points had values over 30 NTU. Altogether, high turbidity affected 5.2% of the water points tested. Electrical conductivity values greater than 1,000 μS cm À1 were only found for hand pumps. This parameter was only significant in Same, where 71% of the deep wells exceeded this threshold. None of the water points had a value greater than 2,000 μS cm
À1
. In total, high conductivity affected 2.0% of the studied water points. Chlorine was not a significant parameter in the study, since chlorination is not done regularly in any of the rural systems studied. Table 6 shows the results for perceived versus measured quality, contrasted in 666 of the 692 tests performed. From those cases, most water was described as 'clear' by users (N ¼ 621). Of these cases, 78.6% had acceptable values of microbiological water quality. That means that over 20% of water points labelled as 'clear' posed a significant risk to human health. In 96.6% of the cases, the turbidity level was less than 30 NTU. This is not surprising, since turbidity is directly observable at high values. Coloured water was reported only 16 times; of these, only 31.3% had acceptable turbidity and 75.0% less than 10 CFU/100 ml. Of the reported cases of salinity (N ¼ 29), only 31.03% had electrical conductivity values greater than 1,000 μS cm À1 . In conclusion, apart from parameters directly related to water's appearance, users' perceptions of quality did not provide reliable information about actual water quality. Hence, users' perceptions are mostly useful in determining their satisfaction with and acceptance of the water they have and not as an indicator of water quality. Table 7 shows the results of the year-round continuity of the supplies. In general terms, the seasonality of supplies affected 19.0% of water points. By category, 'other' was the most seasonal, mostly due to rainwater-fed water points. Gravity-fed water points were seasonal in 19.5% of the cases, followed by shallow wells (9.9%). As expected, the water point category least prone to seasonality was 'deep wells/ boreholes' (6.7%).
Perceived vs. measured quality
Year-round continuity of supply
By district, seasonality was most acute in Same (31.1% of the water points). An intermediate value was found in Kigoma (18.6%) and the lowest value in Kibondo (12.6%). This was expected, since Same belongs to the arid north-eastern part of the country and is known to be vulnerable to droughts (Quinn et al., 2003; The Guardian, 2006 , 2009 The results of the quality analysis were extrapolated to all water points in the area of study in accordance with the definitions of water point density and the methodology explained in Section 2. Table 8 shows the results for the three districts studied. Historically, Kigoma has received poorer attention, with the existing water points covering just 46.7% of the estimated 2008 population, compared to 65.1% in Same and 76.7% in Kibondo. The effects of the distribution and functionality of water points were very similar in all three cases, with an average reduction of 30% owing to non-functionality, bringing coverage down to 43.4% in Same, 31.8% in Kigoma and 57.0% in Kibondo.
The effect of bacteriological contamination on functional water points was also very similar in all cases (see values in brackets in the table). Coverage fell by an average of 26% when the presence of coliforms was considered, dropping to 33.2% in Same, 23.4% in Kigoma and 41.1% in Kibondo. The effect of seasonality was more variable and depended on the climatic conditions, as expected, with an average reduction of 18%. When the quality and seasonality factors were combined, coverage fell by 40% on average. Values range from a 32% reduction in Kibondo to a 45% reduction in Kigoma, reflecting the influence of different technology and climatic conditions. All these coverage figures are significantly lower than those reported by the Tanzanian Ministry of Water, as seen in the first row of Table 8 .
The mapping methodology also gives the possibility of representing data in a visual way ( Jiménez & Pérez-Foguet, 2008) , which has been widely used by several social organisations in different contexts to promote awareness at various levels ( Jiménez et al., 2009) .
Results of similar studies
RADWQ results from UNICEF also show significant quality problems in rural water points, although results vary significantly by technology and country. For example, in Ethiopia, 23.10% of the 290 boreholes tested had more than 10 CFU/100 ml of water, together with 34.20% of the 155 protected dug Table 8 . Access to water by district analysed according to different parameters: existence of improved water points (IWPD), functionality (FWPD), bacteriological quality (BAFD), year-round functionality (YRFD) and the combination of bacteriological quality and year-round functionality (BA&YRFD).
Same (%)
Kigoma ( Looking at people's perception of quality, a study conducted on 376 boreholes in four districts of Zimbabwe (Hoko, 2005) showed no clear correlation between measured parameters and people's perception of quality. This applied to the relationship between observed unsatisfactory colour and measured turbidity, as well as to the relationship between complaints about taste and measured electrical conductivity.
With regard to year-round continuity of supply, in another study of 144 water points in Zimbabwe (Hoko & Hertle, 2006) , users reported seasonality rates of 65, 72, 21 and 29% in four different districts, with great variation from place to place.
The costs of measuring quality
The cost of this methodology is around US$12-15/water point for a standard WPM campaign (Stoupy & Sugden 2003) and around US$20/water point when quality analysis is included with the methodology proposed, that is, analysing all individual points and conducting a small number of tests in networks. The initial investment in the water kit is not included in this estimate. While this cost may appear high, it is not so expensive in light of the significant investments projected to be made in the sector. About US$2 million would be needed for data collection in Tanzania, for example, while the sector was projected to receive US$950 million in investments from 2007 to 2011. Moreover, the whole process, including quality measurements, may cost considerably less if the methodology is scaled up. Including quality tests in a standard WPM campaign or other monitoring tasks significantly reduces the cost. As WPM may be adopted in Tanzania as a monitoring methodology, this is a relevant fact. The latest RADWQ data on ad hoc quality testing campaigns show a cost of US$50-72/sample (Properzi, 2010) .
Basic quality testing as a starting point for water safety plans
The development of water safety plans for small systems should focus on the control of microbial quality and, in particular, pathogens derived from faecal contamination (WHO, 2005) . We acknowledge that the measurements undertaken are very basic (in both frequency and scope) for the purpose of drawing conclusions on the quality of the water delivered. They should instead be considered as a starting point to understand the situation in each village and identify the places at greatest risk. Communities are unlikely to have the necessary skills to develop system-specific water safety plans without outside assistance (WHO, 2005) , especially for piped systems; however, our results for community piped systems show a high incidence of quality-related problems. Hence, the approach proposed is to use the results to involve district authorities in the solution of water quality problems. Villages can be prioritised in the district planning, both for the improvement of water quality and to increase the reliability of service, as explained elsewhere ( Jiménez & Pérez-Foguet, 2010) . The responsibility of the corresponding local authorities is increased, which is of utmost importance in implementing any action related to quality surveillance and control.
Conclusions
Ensuring the delivery of a water supply with acceptable quality is a major challenge, especially in rural areas of developing countries. Despite being included in the definition of the MDG target (sustainable access to safe drinking water) and having long been recognised as a key aspect by the WHO, this factor is not included in the JMP's measurements owing to the technical and logistical difficulties involved and its high cost (WHO/UNICEF (2010a)). The current focus on HWT has probably drawn some attention away from this problem by shifting the responsibility (and costs) of safe water to the end users.
This study has presented a methodology to estimate the incidence of poor quality in rural water at a reduced cost. The results offer some insights into the relationship between access to improved water sources, the quality of the water delivered and year-round continuity of the services, broken down by technology. When the results were assimilated into the relevant networks, access figures fell by 26% when the presence of coliforms was considered and by 18% when year-round continuity of service was considered. When the quality and seasonality aspects were combined, coverage figures dropped 40% for the districts studied compared to the coverage figures reflecting just functionality. Hence, the water services provided by two out of five improved water points in the rural areas studied can be expected to have either quality or seasonality-related problems. This fact is currently being ignored at all decision-making levels in water policy, since the available indicators do not capture it. No action is being taken to correct this situation, which has a significant impact on the health and well-being of millions of people.
Including simple quality and seasonality measurements in routine data collection, as presented here, is a necessary step towards addressing the problem. They can serve as a starting point to help local governments identify those places at greatest risk and address future challenges, starting with the most critical points. Risk assessment at the places most at risk can help to determine the initial actions to be promoted from the local government level. Otherwise, the immense nature of the duty as a whole might prevent governments from acting.
